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(g) Sulfonated cellulose and method of preparation. 



@ Disclosed is a method for the surface modification of cellulose fiber and the resulting product, 
sulfonated cellulose. Cellulose is first oxidized, preferably with sodium metaperiodate (Nal04), to form 
dialdehyde oxycellulose, which is then reacted with sodium bisulfite (NalHSOs) to produce sulfonated 
cellulose. Sulfonation of the cellulose fiber significantly increases the dry and wet tensile strength as 
well as the wet strength :dry strength ratio, making this modified cellulose fiber extremely useful in a 
wide variety of paper products requiring a combination of good strength in both wet and dry 
applications. 
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Wet strength is a very important property for many grades of paper that are exposed to water during use. 
Grades of paper usually requiring wet strength include : bag, tag, toweling, tissue, map papers, paper pattern, 
napkins, ice cube bags, diaper liners, diaper wrap sheets, feminine napkin wrap sheets, disposable hospital 
bed pads, poster papers, filter papers, and many other grades of paper. Paper not treated for wet strength 
5 typically has 3-7% of its original dry strength available when tested while wet. Because of the need for paper 
products that retain some of their strength when soaked in water, chemical wet strength resins have been de- 
veloped which produce paper products typically retaining 20-40% of their dry strength. In the paper industry, 
papers having wet tensile strengths of more than 15% of the original dry tensile strength are considered to be 
wet strength papers. 

10 It is also possible to further subdivide wet strength papers based on the permanence of their strength when 

wet. Paper which has not been treated typically loses its strength within seconds of being soaked in water, 
while with some wet strength chemicals the rate of wet strength loss during soaking is slowed. Such papers 
are said to possess temporary wet strength. Other chemicals provide a longer lasting effect and are said to 
impart permanent wet strength, even though the wet strength is not fully permanent. 

15 In order to achieve wet strength, wet strength resins have been developed which are, in general, chemically 

reactive, water-soluble polymers that are added at the wet end of the paper machine. They are typically quite 
expensive and are prone to a host of problems. The first resins to become popular in use for improving wet 
strength were the aminoplast resins, urea-formaldehyde and melanin-formaldehyde. These resins are ther- 
mosetting and require heat and low pH to properly cure. They had adverse effects on brightness and absor- 

20 bency, and the low pH was corrosive to the equipment. They have fallen out of common use because of en- 
vironmental problems associated with their formaldehyde content/release. More recently, epoxidized polya- 
mide resins (PAE) and glyoxalated polyacrylamide resins have been developed and have found generally good 
acceptance in the paper industry. They can be used in neutral or alkaline conditions and, while the epoxidized 
polyamide resins produce a permanent wet strength, the glyoxalated polyacrylamide resins provide only tem- 

25 porary wet strength, although some increase in dry strength is also achieved. Despite the significant advances 
that these resins represent, there are still a great many problems associated with their usage including high 
cost, limited storage life, expensive addition systems, pH control on the paper machine, curing time, and sen- 
sitivity to other chemicals. In addition, the epoxidized polyamide resins have environmental concerns because 
of the absorbable organic halogen (AOX) emissions, while the glyoxalated polyacrylamide resins are not suit- 

30 able for all uses because of the temporary nature of their wet strength development. 

In this age of environmental awareness, the ideal wet strength agents are not currently available. Envir- 
onmental concerns continue to influence research to develop new products that are more biodegradable and 
more compatible to a wide variety of ecological considerations while still accomplishing the task of providing 
suitable wet strength in the finished product. 

35 It has now been discovered that cellulose fiber can be modified to provide the wet strength function of a 

product without the addition of any separate chemically reactive polymer, although these above-mentioned wet 
strength resins may be used along with the modified cellulose fiber if desired. In accordance with this invention, 
the sulfonation of cellulose fibers results in significant improvements to the wet tensile strength and the dry 
tensile strength exhibited by paper sheets made with the treated fibers of this invention. The wet tensile 

40 strength:dry tensile strength ratio (sometimes referred to as the 'wet over dry' ratio) can be increased to from 
about 15 to about 40 percent without the addition of any other traditional wet strength agents. 

In one aspect, the paper sheet has a wet strength of about 600 g per 25.4 mm (per inch) or greater, and 
more specifically of about 1 000 g per 25.4 mm (per inch) or greater. 

Hence in one aspect, the invention resides in a method of making sulfonated cellulose fiber comprising 

45 the steps of (a) oxidizing cellulose fiber with an oxidizing agent to form aldehyde cellulose ; and (b) sulfonating 
the oxidized cellulose with a sulfonation agent to form sulfonated cellulose. 

In another aspect, the invention resides in a sulfonated cellulose fiber. The sulfonated cellulose can be 
characterized by a degree of substitution of about 0.005 or greater, more specifically from about 0.01 to about 
0.1, and still more specifically from about 0.01 to about 0.04. In one aspect, a preferred range is from about 

50 0.008 to about 0.8. As used herein, the "degree of substitution" (DS) is the number of sulfonic groups per glu- 
cose unit in the cellulose. The maximum DS that can be obtained is 2 when both hydroxyl groups in the C2 
and C3 position in the glucose residue are oxidized to dialdehyde and subsequently converted to sulfonates. 

As used herein, "sulfonated cellulose fiber" is not to be confused with "sulfonated pulp", the latter being 
the basis for the many varieties of sulfite pulping processes and most of the CTMP (chemithermomechanical) 

55 pulping processes. When sulfonating pulp, it is the lignin portion of the pulp that is sulfonated rather than sul- 
fonation of the cellulose portion. Sulfonation of lignin serves to soften the lignin and/or make it soluble under 
suitable conditions in the form of sulfonated lignin or a ligno-sulfonate. In the case of CTMP or its variations, 
the objective of the sulfonation has been to soften the lignin by sulfonation so that individual fibers can be sepa- 

2 
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rated from the mass with minimal damage to the fibers. The fiber separation is accomplished by mechanical 
means with thermal assistance to the sulfonation in softening the lignin binding individual fibers together. No 
attempt Is made to dissolve or remove the lignin. In full chemical pulping by the sulfite process or one of its 
variations, the lignin is sulfonated under suitable conditions so that the lignin is dissolved and removed from 
the fiber as a ligno-sulfonate. 

The oxidation and subsequent sulfonation of cellulose in accordance with this invention can be carried out 
on a wide variety of raw materials including pulps derived from both woody and nonwoody plants, coniferous 
as well deciduous trees, and by a variety of pulping processes including Kraft, Soda, a variety of sulfite proc- 
esses, and CTMP. Eucalyptus fibers are particularly advantageous as a feed material in that they have bulk 
in addition to exhibiting increased strength resulting from the method of this invention. Secondary fiber ob- 
tained by recycling waste paper would also be suitable as a raw material for oxidation and sulfonation. The 
oxidation/sulfonation can also be carried out on any of the abovementioned pulps that have been mechanically 
refined prior to the oxidation/sulfonation process. Sulfonation of preref ined pulps has the advantage of pro- 
ducing even higher wet and dry strength levels and wet over dry ratios than a similar treatment carried out on 
pulp which has not been refined. Treating pulp that has never been dried provides a greater improvement in 
wet strength development than treating pulp which has been previously dried. 

The chemical reactions taking place in carrying out the method of this invention are as follows: 



20 



25 





HO^ ^OH 



30 With regard to the oxidation reaction, there are a great many ways in which the chain units in cellulose 

can be oxidized. However, most oxidants are unspecif ic in their mode of attack. Suitable oxidants for purposes 
of this invention include, withoutlimitation, sodium metaperiodate, sodium paraperiodate, periodic acid, sodium 
hypochlorite, hydrogen peroxide, ozone, potassium dichromate, potassium permanganate, and sodium chlor- 
ite. Periodate ions react with the cellulose without destroying its fibrous nature and result primarily in the ox- 

35 idative scission of 1, 2 - diols to primarily produce dialdehyde oxycellulose under proper conditions. For this 
reason the preferred oxidizing agents are the periodates, such as sodium metaperiodate (Nal04). Periodate 
oxidation is widely used and widely known in carbohydrate chemistry and is certainly not novel in itself. Peri- 
odate-oxidized oxycelluloses are extremely sensitive to alkali and although some wet strength is developed 
in the oxidation stage, it is very fugitive and goes away at the first exposure to an alkaline pH. The sulfonation 

40 of the periodate-oxidized cellulose results in paper sheets having much higher wet tensile strengths and im- 
proved stability and permanence. As an example, ata pH of about 11, handsheets made with oxidized cellulose 
fibers exhibited a wet strength of only about 390 grams per inch, whereas handsheets made with the sulfonated 
cellulose fibers exhibited a wet strength of about 1030 grams per 25.4 mm (per inch). 

The oxidant, for example, sodium metaperiodate, is reacted with the cellulose fiber for about V2 hour or 

45 more. 

The temperature of the oxidation reaction can be from about 20°C to about 55°C, more specifically from 
about 30°C to about 50°C, and most specifically from about 40°C to about 45°C. At temperatures below 20°C, 
the reaction proceeds too slowly to be practical. At temperatures greater than 55°C, the oxidation of cellulose 
proceeds too fast and causes nonuniformity of the product and decomposition of the periodate. 

50 The pH of the oxidation reaction can preferably be from about 3 to about 4.6. At higher pH, the sodium 

metaperiodate is converted to insoluble paraperiodate. 

When using sodium metaperiodate as the oxidation agent, the upper concentration of sodium metaperio- 
date is limited by its solubility in water, which is 14.44 grams per 100 milliliters of water at 25°C. The maximum 
concentration of sodium metaperiodate which can therefore be achieved is about 0.67M. On the other hand, 

55 at concentrations below about 0.005M the rate of reaction is too slow for the process to be economically fea- 
sible. Preferred concentrations are from about 0,01 M to about 0.2M. At higher concentrations, although the 
reaction will proceed faster toward the desired degree of substitution, the shorter treatment time is likely to 
result in non-uniformity of the substitution. 
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With regard to the sulfonation reaction, suitable sulfonation reagents include, without limitation, alkali bi- 
sulfite, such as sodium bisulfite, and a combination of sodium hydroxide and sulfur dioxide. A preferred reagent 
is sodium bisulfite (NaHSOs). The concentration of sodium bisulfite is not critical provided there is an excess 
over the stoichiometric amount required. 
5 When using sodium bisulfite as the sulfonation agent, the concentration of the sodium bisulfite can be from 

about 1 to about 10 weight percent based on the weight of the fiber, more specifically from about 2 to about 
5 weight percent. 

The temperature of the sulfonation reaction can be from about 25°C to about 90°C or greater, more spe- 
cifically from about 30°C to about 45°C. 

10 The pH of the sulfonation reaction can be from about 3 to about 4.5. Although the reaction proceeds faster 

at lower pH levels, sulfur dioxide will be lost unless the reaction is carried out under pressure. Also, at high 
temperatures and acidic pH, cellulose is likely to undergo hydrolytic degradation. 

A preferred method of making sulfonated cellulose is to oxidize cellulose pulp with sodium metaperiodate 
at a concentration above 0.01 M for over one hour at room temperature or above. The aldehydo cellulose or 

15 dialdehyde oxycellulose thus produced is then preferably washed with the water to remove reaction products. 
The oxidized cellulose fibers are then reacted with a greater than 0.3 percent aqueous solution of sodium bi- 
sulfite at ambient temperature or higher for about 1/2 hour or more at a pH of about 4.5. The product is then 
washed again to remove unreacted bisulfite and can be used as such in a never-dried condition, or it may be 
partially dried by conventional means for shipment or storage. 

20 The oxidation/sulfonation of cellulose results in significant improvements in the wet and dry tensile 

strength and provides high wet over dry tensile ratios for the cellulose pulp so treated. The wet and dry tensile 
strengths of cellulose pulp can be further enhanced by refining the cellulose pulp (the cellulose fiber) prior to 
the oxidation/sulfonation. Such refining also increases the wet over dry tensile ratio significantly. When used 
as a pretreatment, refining serves to bring about external and internal fibrillation of the fibers. This increases 

25 the surface area of the fibers and also increases accessibility of the fibrils and cellulose chains to oxidation/sul- 
fonation. These factors contribute to the observed increase in wet strengths which can be extremely useful 
in the manufacture of a wide variety of paper products such as tissue and toweling, board, paper bags, wet 
wipes, and tissue wraps in personal care products and the like. 

30 Examples 

Example 1 

Bleached southern pine softwood kraft pulp (SKP) containing 20 weight percent southern hardwood kraft 
35 pulp was used as the cellulose pulp. 100 grams of the pulp was oxidized by slurrying the pulp with 2000 mil- 
liliters of 0.05M sodium metaperiodate solution at ambient temperature for 1 to 6 hours. (The reaction time 
with the oxidizing agent was varied from 1 to 6 hours to alter the sulfonic content and degree of substitution.) 
At the end of the oxidation reaction, the pulp was washed with distilled water to free it from unreacted reagents 
and by-products. For this washing step, water having a pH of 8 or greater should be avoided because dialde- 
40 hyde oxycellulose degrades at alkaline pH. The significant product of the oxidation step was dialdehyde oxy- 
cellulose. 

The resulting oxidized pulp was then treated with 2000 milliliters of a 5 percent aqueous solution of sodium 
bisulfite at 60°C for 3 hours. This amount of sodium bisulfite is far in excess of the stoichiometric amount re- 
quired for sulfonation. The pH of the reaction solution was approximately 4.5. The sulfonated pulp was thor- 
45 oughly washed with distilled water to remove unreacted bisulfite. 

Table 1 illustrates changes in level of sulfonation with changes in oxidant reaction time. The sulfur content 
of the treated pulps was determined by elemental sulfur analysis and is expressed as a weight percent of the 
pulp. The sulfonic content (percent) is 2.5 times the percent sulfur content, while the DS is 0.05 times the per- 
cent sulfur content. In addition to elemental sulfur analysis, energy dispersive x-ray (EDX) analysis was used 
50 to confirm the presence of sulfur in the sulfonated pulps. 



55 
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TABLE 1 



Sample No. 


Time of 
Treatment 
(Oxidation) 


Time of 
Treatment 
(Sulfonation) 


Sulfur Content 
(Percent) 


Sulfonic 
Content (Percent) 


Degree of 
substitution (DS) 


1 


1 liour 


3 hours 


0.4 


1.0 


.02 


2 


3 liours 


3 hours 


0.56 


1.4 


.03 


3 


6 hours 


3 hours 


1.25 


3.1 


.06 



The results show that only 1 to 3 percent of total hydroxyl groups in carbon 2 and carbon 3 in the betaglu- 
cose units of the cellulose were oxidized. 



Example 2 

The same pulp used in Example 1 was sulfonated to various levels of sulfur content by varying oxidation 
time and periodate concentration. Specifically, the periodate concentrations and oxidation times were as fol- 
lows for Table 2 : Sample No. 2, 0.02M and 1 hour ; Sample No. 3, 0.05M and 1 hour ; Sample No. 4, 0.05M 
and 3 hours ; Sample No. 5, 0.05M and 6 hours ; and Sample No. 6, 0.05M and 14 hours. Otherwise the method 
of making the sulfonated cellulose was the same as that of Example 1 . 

The pulp was then converted Into handsheets, which were prepared by soaking 50 grams of pulp in 1950 
grams of distilled water for five minutes. The slurry was then beaten In a British Pulp Disintegrator at 3000 rpm 
for 5 minutes. The resulting slurry was made up to 8 liters with distilled water. 450 milliliters of this well-mixed 
slurry was used for making a 21 .6 cm x 21 .6 cm (8.5 inches x 8.5 inches) handsheet in a Valley Ironwork mold. 
Tap water was used in the rest of the operation. Handsheets were pressed in a press at a pressure of 5.17 
bars (75 pounds per square inch) for 1 minute, dried over a steam dryer for 2 minutes, and finally dried in an 
oven at about 105°C to a constant weight. The handsheets were then conditioned for at least 48 hours in a 
room maintained at a constant relative humidity and at a constant temperature in accordance with TAPPI 402. 

The handsheet properties are reported in Table 2. The sulfur content is expressed as weight percent. The 
basis weight was determined by a mean of 5 measurements of handsheet size and weight and is expressed 
as grams per square meter. The caliper (thickness) of the handsheets was measured with a TMI caliper meas- 
uring device and is expressed as mm (inches) per single handsheet. The dry and wet tensile strengths were 
determined using an Instron Model 1122 in accordance with TAPPI 494, except the gage length was 127 mm 
(5 inches) and the cross head speed was 12.7 mm (0.5 inch) per minute. Tensile strengths are reported in grams 
per 25.4 mm (per inch) of sample width. The Wet Tensile/Dry Tensile ratio is shown as having been multiplied 
by 100. Tear is the tear strength reported in grams-force. Porosity is the Frazier Porosity reported in cubic feet 
per minute per square foot. These values are normalized to a basis weight of 60 grams per square meter. 



5 
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TABLE 2 



HANDSHEET PROPERTIES AT VARIOUS SULFUR CONTENTS 


Sample 
No. 


Sulfur 
Content 


Basis Wt. 


Caliper 


Dry 
Tensile 


wet 
Tensile 


wet/ury 
Tensile x1 00 


Tear 


Porosity 


Control 




62.3 


0.21 


921 


64 


9 


27.5 


1928 


2 


.14 


65.0 


(0.0083) 
0.23 


1646 


342 


21 


42.9 


(632) 
1778 


3 


.28 


62.6 


(0.0089) 
0.22 


2520 


669 


27 


54.7 


(583) 
1616 


4 


.50 


63.1 


0.20 


4068 


1031 


25 


60.3 


(530) 
1323 


5 


.64 


64.2 


(0.0077) 
0.18 


5170 


1463 


28 


54.3 


(434) 
1110 


6 


.68 


64.8 


(0.0070) 

0.17 
(0.0065) 


7012 


1936 


28 


47.0 


(364) 
842 
(276) 



Table 2 clearly shows the effects of increasing sulfur and sulfonic levels on the wet and dry tensile prop- 
erties of the handsheets. Dry tensile strengths are increased by a factor of about 1 0 while wet tensile strengths 
are increased by a factor of 30 with a wet over dry tensile ratio of 28% being achieved at a sulfur content of 
0.64%. 



Examples 3 and 4 

Table 3 and Table 4 illustrate the effects of refining on sulfonated cellulose fiber. In Table 3, the measured 
properties are for handsheets made from sulfonated cellulose fiber from Example 2 that was subsequently 
refined in a PFI mill for up to 120 seconds. 

In Table 4, the measured properties are for handsheets made from pulp which was refined in a PFI mill 
for up to 120 seconds and then oxidized/sulfonated as described in Examples 1 and 2. 

Samples 1-4 in Table 3 were unsulfonated controls. The reaction conditions for Samples 5-8 were: oxida- 
tion- 0.05M Nal04, ambient temperature, 1 hour ; sulfonation- 5% sodium bisulfite solution, 3 hours, 60°C. For 
samples 9-12, the reaction conditions were the same, except the oxidation reaction time was 3 hours. 

As used in the tables, the sulfur content is expressed as weight percent. The beating time is expressed 
in seconds. The Freeness (i.e. the drainage rate) is the Canadian Standard Freeness, expressed in cubic cen- 
timeters, as measured according to the TAPPI standard test method T227 om-94. The Bulk is expressed as 
cubic centimeters per gram. Wet and Dry Tensile strengths are expressed as grams per 25.4 mm (per inch) 
of sample width. These values are normalized for a basis weight of 60 grams per square meter. The Wet Ten- 
sile/Dry Tensile ratio is shown as having been multiplied by 100. The Wet and Dry Stretch are expressed as 
percent. 
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TABLE 4 





EFFECT OF REFINING PRIOR TO SULFONATION 


5 


Sample 
No. 


Refining Time 


Sulfur Content 


Bulk 


Dry Tensile 


Wet Tensile 


Wet/Dry Tensile 


10 
15 


1 

2 
3 
4 
5 
6 
7 


30 
30 
30 
120 
120 
120 


.25 
.30 

.25 
.37 


O. 1 9 

2.26 
2.61 
2.68 
1.92 
1.93 
1.87 


1 \J\J*r 

5517 
4904 
6691 
9735 
9149 
10141 


197 
1270 
2086 

353 
3232 
4084 


\J 

4 
26 
31 

4 
35 
40 



Tables 3 and 4 show that wet tensile and the wet over dry tensile ratio are significantly improved if the 
20 pulp is refined first and then oxidized/sulfonated rather than oxidizing/sulfonating the pulp and thereafter re- 
fining it. 



Claims 

25 

I. A method of making sulfonated cellulose fiber comprising the steps of : 

a) oxidizing cellulose fiber with an oxidizing agent to form aldehyde cellulose ; and 

b) sulfonating the oxidized cellulose with a sulfonation agent to form sulfonated cellulose. 

30 2. The method of Claim 1 wherein the cellulose fiber is washed with water after step (a). 

3. The method of Claim 1 wherein the oxidizing agent is selected from the group consisting of sodium met- 
aperiodate, sodium paraperiodate, periodic acid, sodium hypochlorite, hydrogen peroxide, ozone, potas- 
sium dichromate, potassium permanganate and sodium chlorite. 

35 

4. The method of Claim 1 wherein the oxidizing agent is sodium metaperiodate. 

5. The method of Claim 1 wherein the oxidation is carried out at a temperature of from about 20°C to about 
55°C. 

40 

6. The method of Claim 1 wherein the oxidation is carried out at a temperature of from about 30''C to about 
50°C. 

7. The method of Claim 1 wherein the oxidation is carried out at a temperature of from about 40°C to about 
45 45°C. 

8. The method of Claim 1 wherein the oxidation is carried out at a pH of from about 3 to about 4.6. 

9. The method of Claim 1 wherein the sulfonation agent is selected from the group consisting of an alkali 
50 bisulfite and a combination of sodium hydroxide and sulfur dioxide. 

10. The method of Claim 1 wherein the sulfonation agent is sodium bisulfite. 

II. The method of Claim 1 wherein the sulfonation reaction is carried out at a temperature of from about 25°C 
55 to about 90''C. 

12. The method of Claim 1 wherein the sulfonation reaction results in a sulfonic group degree of substitution 
of about 0.005 or greater. 

8 
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13. The method of Claim 1 wherein the sulfonation reaction results in a sulfonic group degree of substitution 
of from about 0.01 to about 0.1. 

14. The method of Claim 1 wherein the sulfonation reaction results in a sulfonic group degree of substitution 
5 of from about 0.01 to about 0.04. 

15. A method of making sulfonated cellulose fiber comprising the steps of : 

(a) oxidizing cellulose fiber with sodium metaperiodate to form aldehyde cellulose ; and 

(b) sulfonating the oxidized cellulose with sodium bisulfite to form sulfonated cellulose having a sulfonic 
10 group degree of substitution of about 0.005 or greater. 

16. The method of Claim 15 wherein the degree of substitution is from about 0.01 to about 0.1. 

1 7. The method of Claim 1 5 wherein the degree of substitution is from about 0.01 to about 0.04. 

15 

1 8. The method of Claim 15 wherein the oxidation reaction Is carried out at a temperature of from about 20°C 
to about SS^'C, a pH of from about 3 to about 4.6 and a sodium metaperiodate concentration of from about 
0.01 M to about 0.2M. 

20 19. The method of Claim 15 wherein the sulfonation reaction is carried out at a temperature of from about 
25X to about 90°C, a pH of from about 3 to about 4.5 and a sodium bisulfite concentration of from about 
1 to about 10 weight percent based on the dry weight of the fiber. 

20. A method for making sulfonated cellulose fiber comprising the steps of : 

25 (a) oxidizing cellulose fiber with sodium metaperiodate having a concentration of from about 0.01 IVl to 

about 0.2M at a temperature of from about 20°C to about 55'*C and at a pH of from about 3.0 to about 
4.6 to form aldehyde cellulose; 

(b) washing the oxidized cellulose fiber with water; and 

(c) sulfonating the oxidized cellulose with sodium bisulfite having a concentration of from about 1 to 
30 about 1 0 weight percent based on the dry weight of the fiber at a temperature of from about 25°C to 

about 90°C and at a pH of from about 3 to about 4.5, wherein the sulfonated cellulose has a sulfonic 
group degree of substitution of from about 0.01 to about 0.1 . 

21. The method of Claim 20 wherein the sodium metaperiodate is reacted with the cellulose fiber for about 
35 1/2 hour or more. 

22. The method of Claim 20 wherein the sodium bisulfite is reacted with the oxidized cellulose for about 1/2 
hour or more. 

40 23. The method of Claim 20 wherein the cellulose fiber is mechanically refined prior to oxidation. 

24. The method of Claim 20 wherein the cellulose fiber is mechanically refined after sulfonation. 

25. The method of any one of Claims 1 to 24 wherein the cellulose fiber is eucalyptus fiber. 

45 

26. The method of any one of Claims 1 to 24 wherein the cellulose fiber is secondary fiber. 

27. A sulfonated cellulose fiber made by the method of any one of Claims 1 to 26. 

50 28. A sulfonated cellulose fiber. 

29. The sulfonated cellulose fiber of Claim 28 having a sulfonic group degree of substitution of 0.005 or great- 
er. 

55 30. The sulfonated cellulose fiber of Claim 28 having a sulfonic group degree of substitution of from about 
0.01 to about 0.1. 

31. The sulfonated cellulose fiber of Claim 28 having a sulfonic group degree of substitution of from about 
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0.01 to about 0.04. 

32. The sulfonated cellulose fiber of Claim 28 wherein the fiber is a eucalyptus fiber. 

33. The sulfonated cellulose fiber of Claim 28 wherein the fiber is a secondary fiber. 

34. A paper sheet comprising sulfonated cellulose fiber having a sulfonic group degree of substitution of from 
about 0.008 to about 0.08, said paper sheet having a wet over dry tensile strength ratio of from about 
0.15 to about 0.40 without a wet strength agent. 

35. The paper sheet of Claim 34 having a wet strength of about 600 grams per 25.4 mm (per inch) or greater. 

36. The papersheet of Claim 34 having a wet strength of about 1000 grams per 25.4 mm (per inch) or greater. 
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